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(54) POLYMER ELECTROLYTIC ELECTROCHEMICAL CELL AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide a polymer electrolytic 
electrochemical cell capable of improving gas 
permeability and developing high power. 
CONSTITUTION: The grain size of agglomerated catalyst 
grains 16, 16' in at least one of both catalyst layers of an 

electrochemical cell with an anode collector 1 1 , an " s f , 

anode catalyst layer 12, a polymer electrolytic coat 13, a L N f qa / 



cathode catalytic layer 14 and a cathode collector 15 
layered in sequence are distributed gradually smaller as 
tending toward the polymer electrolytic coat and 
gradually larger as tending toward the collector. On the 
side nearer the collector, gas permeability has priority, 
and on the side nearer the polymer electrolytic coat, the 
use factor of catalyst is considered important. The best 
gas permeability and the best use factor of the catalyst 
is thus obtained in such distribution. 
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CLAIMS 



[Claim(s)] 

[Claim 1]It laminates in order of an anode charge collector-anode catalyst layer-polymer- 
electrolyte-membrane-cathode catalyst bed-cathode charge collector. In a catalyst bed of an 
electrode for polymer electrolyte type electrochemical cells which formed in layers cluster 
particles which grow into catalyst support from a catalyst particle and ion-exchange resin which 
supported a catalyst, A polymer electrolyte type electrochemical cell distributing said catalyst 
particle so that particle diameter of said cluster of a small side near a charge collector may 
become large about particle diameter of said cluster of a side near polymer electrolyte 
membrane of at least one catalyst bed. 

[Claim 2]It laminates in order of an anode charge collector-anode catalyst layer-polymer- 
electrolyte-membrane-cathode catalyst bed-cathode charge collector. In a catalyst bed of an 
electrode for polymer electrolyte type electrochemical cells which formed in layers cluster 
particles which grow into catalyst support from a catalyst particle and ion-exchange resin which 
supported a catalyst, A polymer electrolyte type electrochemical cell distributing said cluster 
particle so that it may become low about concentration of ion-exchange resin of a high side near 
a charge collector in concentration of said ion-exchange resin of a side near polymer electrolyte 
membrane of at least one catalyst bed. 

[Claim 3]It laminates in order of an anode charge collector-anode catalyst layer-polymer- 
electrolyte-membrane-cathode catalyst bed-cathode charge collector. In a manufacturing 
method of a catalyst bed of an electrode for polymer electrolyte type electrochemical cells with 
which both catalyst beds formed in catalyst support in layers cluster particles which comprise a 
catalyst particle and ion-exchange resin which supported a catalyst, After carrying out natural 
sedimentation filtration of the dispersion liquid of a catalyst particle cluster made to cover or 
adsorb ion-exchange resin on at least one charge collector of each on this charge collector, A 
manufacturing method of a polymer electrolyte type electrochemical cell laminating in order of 
an anode charge collector-anode catalyst layer-polymer-electrolyte-membrane-cathode 
catalyst bed-cathode charge collector. 

[Claim 4]It laminates in order of an anode charge collector-anode catalyst layer-polymer- 
electrolyte-membrane-cathode catalyst bed-cathode charge collector. In a manufacturing 
method of an electrode for polymer electrolyte type electrochemical cells which comprises a 
catalyst bed which formed in layers cluster particles which grow into catalyst support from a 
catalyst particle and ion-exchange resin which supported a catalyst, Produce several cluster 
particles from which ion-exchange resin concentration differs, laminate in layers cluster particles 
which have ion-exchange resin of maximum concentration in order with high concentration from 
said polymer-electrolyte-membrane side, and at least one catalyst bed is constituted, A 
manufacturing method of a polymer electrolyte type electrochemical cell laminating in order of 
an anode charge collector-anode catalyst layer-polymer-electrolyte-membrane-cathode 
catalyst bed-cathode charge collector. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention makes easy supply of reactant gas, and discharge of 
production gas, and relates to a polymer electrolyte type electrochemical cell which raised the 
marginal output obtained in a practical use region, and a manufacturing method for the same. 
[0002] 

[Conventional technology and a problem] Since a polymer electrolyte type electrochemical cell, 
for example, a fuel cell, can take out compact and high current density as compared with a 
phosphoric acid fuel cell, it attracts attention as an electromobile and a power supply for 
spacecrafts. Also in development of this field, the proposal about various electrode structures, a 
catalyst manufacturing method, a system configuration, etc. is made. Drawing 1 is what shows 
typically the principle and composition of a polyelectrolyte type fuel cell, The anode side gas 
diffusion electrode 4A of the ion-exchange membrane 1 which, on the other hand, joins the 
anode side porous catalyst layer 2A and the anode side water repellence porous collector layer 
3A to a field, moreover — on the other hand — being alike — the cathode side gas diffusion 
electrode 4C which joins cathode side water repellence porous collector layer 3C to the cathode 
side porous catalyst layer 2C is joined. The separator 6A which has the reactant gas supply 
groove 5A touches the gas diffusion electrode 4A by the side of an anode, and the collecting 
section 7A is formed between the supply grooves 5A of this separator 6A. The separator 6C 
which has the reactant gas supply groove 5C touches the gas diffusion electrode 4C by the side 
of a cathode similarly, and the collecting section 7C is formed between the supply grooves 5C of 
this separator 6C. Between both the collecting sections 6A and 46 is connected with the lead 
which has the load 8, and if hydrogen is supplied to the anode side and oxygen is supplied to the 
cathode side, electric power can be taken out from said load 8. 

[0003]A carbon particle is used as a carrier of the electrode catalyst layer of such an electrode 
for electrochemical cells, this carbon particle and ion-exchange resin are mixed, it binds with a 
hotpress etc., and an electrode catalyst layer is formed. Since it fills up with the electrode 
catalyst layer formed in this way without a crevice since a carbon particle is a globular form, and 
it moreover sticks firmly mutually with a hotpress and density is high, There are few circulation 
ways of gas, therefore material gas diffuses the inside of an electrode catalyst layer, and there is 
a fault of it being hard to reach a reactive site being further hard to perform discharge of the 
production gas after a reaction smoothly. Therefore, it becomes further difficult to perform 
supply of material gas, the reaction efficiency in the electrode catalyst layer fell substantially, 
and the problem that only the energy which is much less than the theoretical maximum output 
can be taken out has arisen. 
[0004] 

[Objects of the Invention]An object of this invention is to provide an electrode for polymer 
electrolyte type electrochemical cells from which the maximum output is obtained, and a 
manufacturing method for the same, while performing smoothly supply of reactant gas, and 
discharge of production gas in view of the above-mentioned problem. 
[0005] 



[Means for. Solving the Problem]This invention is so large that it approaches the charge collector 
side in particle diameter of a cluster which a catalyst of a polymer electrolyte type 
electrochemical cell which laminates a charge collector, a catalyst bed, and polymer electrolyte 
membrane condensed, They are a polymer electrolyte type electrochemical cell which made so 
large [ it is so small that the charge collector side is approached, and ] that the polymer- 
electrolyte-membrane side is approached concentration of ion-exchange resin which makes it so 
small that the polymer-electrolyte-membrane side is approached, or covers said catalyst, and a 
manufacturing method for the same. 

[0006]Hereafter, details of this invention are explained. This invention means performing 
smoothly supply of reactant gas and discharge of production gas which are performed [ 1st ] 
through a catalyst bed, and means 2nd promoting a reaction between anode gas and cathode 
gas. Although a catalyst bed comprises much catalyst particles and ion-exchange resin which 
supported a detailed catalyst to catalyst support, a catalyst particle is condensed mutually and 
forms a cluster (floe). Space which is got blocked, so that the degree of condensation is large, 
and is formed between clusters, so that particle diameter of a cluster is large becomes large, it 
becomes difficult to expose a catalyst supported by catalyst particle on the other hand to this 
space, and a capacity factor of a catalyst inside a cluster falls. 

[0007]Conversely, if the degree of condensation is small, space formed between clusters 
becomes small, it will become easy to expose a catalyst supported by catalyst particle on the 
other hand to this space, and a capacity factor's of a catalyst will improve. When operating said 
polymer electrolyte type electrochemical cell by low current density, from a reaction occurring 
easily inside a catalyst bed near the polymer electrolyte membrane. As opposed to Mandatory 
having improvement in a catalyst capacity factor near [ polymer electrolyte membrane ] this, in 
order to obtain high voltage, Since it is thought that the neighborhood of a charge collector in 
which it is located comparatively distantly [ polymer electrolyte membrane / this ] seldom 
contributes to a reaction in low current density, it is not necessary to take into consideration so 
much for improvement in a catalyst capacity factor, and a case where it operates with high 
current density is taken into consideration, It is necessary to mainly solve whether gas which 
supplies smoothly [ how ] reactant gas supplied from this charge collector side near the polymer 
electrolyte membrane, and generates it is discharged. 

[0008]Therefore, this invention person made it possible to provide a polymer electrolyte type 
electrochemical cell corresponding to the above-mentioned purpose by adjusting these paying 
attention to the degree of condensation of a catalyst particle, i.e., particle diameter of a cluster, 
and concentration of ion-exchange resin which covers a catalyst particle, in order to solve these 
problems. As above-mentioned, a polymer electrolyte type electrochemical cell, especially a fuel 
cell, It laminates in order of an anode charge collector-anode catalyst layer-polymer- 
electrolyte-membrane-cathode catalyst bed-cathode charge collector, hydrogen gas and oxygen 
gas which are reactant gas are supplied to polymer electrolyte membrane through each catalyst 
bed from the anode charge collector and cathode charge collector side, respectively, and a gas 
reaction advances. In this case, if the degree of condensation of a catalyst particle near [ near a 
near charge collector in which gas is supplied ] the catalyst bed is enlarged, gas supplied greatly 
will move toward the polymer-electrolyte-membrane side easily, and space produced in a gap of 
particles will reach this film. That is, the gas permeation nature of a catalyst bed by the side of a 
charge collector becomes good. And near [ polymer electrolyte membrane ] this, the degree of 
condensation of a catalyst particle is low, that is, many catalyst particle surfaces are exposed, 
and a reaction advances equivalent to the former, or more than it. Although a steam generated 
by a reaction moves in said direction of a charge collector and it is discharged out of a system, 
since the degree of condensation of a catalyst particle near the charge collector is high also in 
this case, it is smoothly taken out out of a system. 

[0009]In order to form inclination of the degree of condensation of a catalyst particle in the 
direction of a catalyst bed, When based on a filtration process, a solution which distributed a 
catalyst particle is neglected for a while on a charge collector, and after it makes said catalyst 
particle sediment automatically and the charge collector side raises density of cluster particles 
with large particle diameter, it is attained by making it unify by the conventional hot pressing etc. 



Although time of natural sedimentation changes with particle diameter, required cluster particle 
size distribution, the amounts of ion-exchange resin, etc. of a catalyst particle, in distribution by 
1 micrometer of mean particle diameter of the range of 0.2-2 micrometers, it is desirable to 
consider it as 5 minutes or more, for example. Suitable cluster distribution for a thickness 
direction of a catalyst bed is it hard to be formed to be less than 5 minutes. Thus, besides 
forming condensation degree distribution, a catalyst bed of two sheets from which the degree of 
condensation differed mutually can be laminated, and a catalyst bed of one sheet can also be 
formed by the usual hot pressing etc. 

[0010]In this invention, besides forming inclination of the degree of condensation of a catalyst 
particle in this way, when covering ion-exchange resin to a catalyst particle, that from which the 
amount of ion-exchange resin differs can be created, and a concentration gradient of ion- 
exchange resin can also be formed in an electrode thickness direction using these. If 
concentration of said ion-exchange resin (for example, trade name Nafion of Du Pont) is high, 
movement of a proton will arise easily, but gas permeation nature becomes low, if concentration 
is conversely low, it will be hard to produce movement of a proton, but gas permeation nature 
becomes good. 

[001 1]Therefore, if ion-exchange resin concentration by the side of polymer electrolyte 
membrane is made high and ion-exchange resin concentration by the side of a charge collector 
is made low, ion conductivity can provide a fuel cell which was highly excellent also in gas 
permeation nature like a case where it is the fuel cell with which the degree of condensation of a 
catalyst particle was adjusted. 

[0012]When operating polymer electrolyte type electrochemical cells, such as a fuel cell, gas 
diffusion in an electrode becomes rate-limiting in a high current density field, On the cathode 
pole, there are especially many yields of produced water in a field of high current density, it is 
required to discharge this effectively and to introduce oxygen gas effectively to a catalyst 
surface, and this is attained by electrode of this invention. Promoting supply and discharge of 
gas in a low current density field similarly makes it possible to take out high power. 
[0013]In an electrode of this invention, an electric conductive material currently used 
conventionally, for example, carbon paper, a porous carbon nonwoven fabric, carbon textiles, a 
carbon plate, etc. can be used as a charge collector, and water-repellent treatment of these may 
be carried out. It is preferred to also make into conventional carbon black catalyst support which 
makes a catalyst support, in addition a carbon single fiber may be made to support and what 
used both this fiber and a carried catalyst is contained in this invention. The precious metals, 
such as platinum, palladium, and a ruthenium, can be used as a catalyst in an electrode of this 
invention. Perfluorocarbon sulfonic acid etc. are used as ion-exchange resin. Water-repellent 
resin, such as Teflon (trade name), may be made intermingled in an electrode catalyst layer. 
[0014]Drawing 2 and 3 illustrate the fine structure of a polymer electrolyte type electrochemical 
cell concerning this invention, and illustrate a respectively separate mode. Laminate a fuel cell of 
drawing 2 Jn order of the anode charge collector 11-anode catalyst layer 12-polymer- 
electrolyte-membrane 13-cathode catalyst bed 14-cathode charge collector 15, and it is 
constituted, The particle diameter of both the catalyst beds 12 and 14 is [ about 16 the 
condensed anode charge collector 1 1 and about 15 cathode charge collector catalyst particle ] 
large, and they are adjusted, respectively as about 13 polymer electrolyte membrane catalyst 
particle condensed 16' so that the particle diameter may become small. 

[0025] Laminate a fuel cell of drawing 3 in order of the anode charge collector 21 -anode catalyst 
layer 22-polymer-electrolyte-membrane 23-cathode catalyst bed 24-cathode charge collector 
25, and it is constituted, The layer 22a of two sheets constituted by the catalyst particle 26 in 
which catalyst particles with which ion-exchange resin was covered condensed both the catalyst 
beds 22 and 24, respectively, 22b, and 24a and 24b are laminated by adhesion etc., and it is 
constituted, the layers 22a and 24a nearer to the anode charge collector 21 and the cathode 
charge collector 25 have lower ion-exchange resin concentration, and it is ac{justed as the layers 
22b and 24b near the polymer electrolyte membrane 25 so that ion-exchange resin 
concentration may become high. 
[0026] 



[Working example]Next, although an embodiment of polymer electrolyte type electrochemical cell 
manufacture concerning this invention is indicated, this example does not limit this invention. 
[Work example 1]A carried catalyst which performed reduction processing and made 30weight % 

of platinum support after surface area made a carbon particle which is 300 m /g impregnate 
chloroplatinic acid solution (platinum concentration of 5g/l.), What distributed a carbon single 
fiber with an average diameter of 1 micrometer so that a single fiber might be 25 weight % by a 
carbon ratio to carrier carbon of said carried catalyst, It was made to distribute by an ultrasonic 
homogenizer in the Nafion (trade name) solution containing solid content of quantity which will 
be 40 weight % to this amount of total carbon, and disintegration was dried and carried out, 
stirring. This powder was neglected for 5 minutes and made to sediment automatically on carbon 
paper which carried out re dispersion for 10 minutes, and carried out water-repellent treatment 
into ethanol using an ultrasonic homogenizer. Then, as it was, suction filtration was carried out, 
the hotpress of the solution was carried out, it was bound with 130 **, and it was considered as / 
a cathode terminal, an anode electrode is the above-mentioned process, make a carbon particle 
support platinum, and be involved Nafion — it transferred on carbon paper which filtered and 
carried out water-repellent treatment of the solution distributed to ** ethanol, and the hotpress 
was carried out, and it bound with 130 **, and created by it. Each electrode was used as a cell 
of this example as sandwich structure which sandwiched an ion-exchange membrane (Nafion). 
[0027] 

[Work example 2]It forms on carbon paper which carried out water-repellent treatment by 
suction filtration without making it distribute using an ultrasonic homogenizer and making powder 
prepared in Embodiment 1 sediment automatically, On it, suction filtration constituted an 
electrode, without forming powder which covered Nafion and making same dispersed solution 
sediment automatically so that a carried catalyst and Nafion might be set to carbon:Nafion =5:5, 
and a cell was constituted like Embodiment 1 using this electrode. 
[0028] 

[Work example 3]A solution made to sediment automatically like Embodiment 1 was made to 
sediment automatically on carbon paper as it is, and it filtered, and also it filtered, without making 
same solution that is carbon:Nafion =5:5 sediment automatically on it, an electrode was 
constituted, and a cell was constituted like Embodiment 1 using this electrode. 
[0029] 

[The comparative example 1] Except having carried out [ not performing natural sedimentation ] 
suction filtration, an electrode was produced on the same conditions as Embodiment 1 p and a cell 
was constituted using this electrode. A quality assessment (current density obtained on different 
voltage) of each cell of Embodiments 1-3 and the comparative example 1 was performed on the 
following conditions. The result was shown in Table 1. 

platinum holding amount: — 2 mg/cnrr cell temperature: — 80 ** anode gas humidification 
temperature: — 90 ** gas pressure: — zero gas: — hydrogen and oxygen [0030]Relation 
between current density in Embodiment 3 and cell voltage was shown in a graph which shows 
drawing. 4 relation between current density in Embodiment 1, and cell voltage again at a graph 
shown in drawing 5. 
[0031] 
[Table 1] 

■ %mm i J -mm 2 mm 3 jltssw 1 

0.9 VZ'(DMW&1yl I 9 fnA/crn 2 9 mA/cm 2 l6mA/an 2 '5 mfl/cm 2 j 
0.7 V^0'ifilS;f£ 1300mA/cm 2 l250mA/crn 2 l500mA/cm 2 ] lOOOmA/cu 2 j 
0.5 VTOWfc&S j SOOOmA/cm* 2300mA/cr* 2 3000mA/cm 2 , jOOOrnA/cm 2 ( 

[0032] 

[Effect of the Invention]This invention is laminated in order of an anode charge collector-anode 
catalyst layer-polymer-electrolyte-membrane-cathode catalyst bed-cathode charge collector. In 
the catalyst bed of the electrode for polymer electrolyte type electrochemical cells which 



formed in layers the cluster particles which grow into catalyst support from the catalyst particle 
and ion-exchange resin which supported the catalyst, It is a polymer electrolyte type 
electrochemical cell (Claim 1) distributing said catalyst particle so that the particle diameter of 
said cluster of the small side near a charge collector may become large about the particle 
diameter of said cluster of the side near the polymer electrolyte membrane of at least one 
catalyst bed. 

[0033]The capacity factor of a catalyst falls, while its gas permeation nature improves so that 
the particle diameter of the condensed catalyst particle is large, gas permeation nature falls so 
that it is conversely small, but the capacity factor of a catalyst improves. Therefore, if the small 
condensation catalyst particle of particle diameter is located near the polymer electrolyte 
membrane like this invention and the large condensation catalyst particle of particle diameter is 
located near the charge collector, The supply of reactant gas whose catalyst capacity factor 
near [ which does not need improvement in gas permeation nature so much ] the polymer 
electrolyte membrane whose gas permeation nature of the catalyst bed near [ improvement in a 
catalyst capacity factor is not required for ] the charge collector improved, and improved, and 
discharge of production gas are easy, and electrochemical cells, such as a high-output fuel cell 
obtained, can be provided. 

[0034]This invention is the electrochemical cell to which the polymer-electrolyte-membrane side 
made high concentration of the ion-exchange resin which covers the catalyst particle which 
constitutes the catalyst bed of the electrochemical cell which laminates an anode charge 
collector-anode catalyst layer-polymer-electrolyte-membrane-cathode catalyst bed-cathode 
charge collector to the 2nd (Claim 2). This ion-exchange resin tends to move a proton, so that 
concentration is high, that is, a reaction advances easily, and gas permeation nature becomes 
good, so that it is low. Therefore, if the height of the concentration of this compound has the 
same effect as the size of the particle diameter of the condensation catalyst particle of the 1st 
invention to the performance of a fuel cell, the concentration is made high as the polymer- 
electrolyte-membrane side and the concentration is made low as the charge collector side, 
Supply of reactant gas and discharge of production gas are easy like the 1st invention, and 
electrochemical cells, such as a high-output fuel cell obtained, can be provided. 
[0035]After the electrochemical cell concerning said 1st invention locating the dispersion liquid 
of a catalyst particle on at least one charge collector of each and making it sediment 
automatically, it can be filtered and manufactured on this charge collector (Claim 3). That is, it 
becomes possible to manufacture the electrochemical cell which has the performance which was 
superior to the cell conventional only by adding the very easy technique of neglecting liquid 
before filtration. The electrochemical cell concerning said 2nd invention produces several 
catalyst beds from which ion-exchange resin concentration differs, and can manufacture them 
from the catalyst bed which has ion-exchange resin of maximum concentration by laminating 
from the polymer-electrolyte-membrane side in order of concentration (Claim 4). Although this 
method requires time and effort from the method according to claim 3, the amount of the 
comparatively expensive ion-exchange resin used can be saved, and the maximum efficiency can 
be produced by use of this compound of the minimal dose. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1 Jit is a mimetic diagram about the principle and composition of a polyelectrolyte type 
fuel cell. 

[Drawing 2]The outline sectional view showing the 1st mode of polymer electrolyte type 

Electrochemistry Sub-Division concerning this invention. 

[Drayying 3] Similarly it is an outline sectional view about the 2nd mode. 

[Drawing 4]The graph which shows the relation between current density and cell voltage to 

Embodiment 1. 

[Dra win g 5]The graph which shows the relation between current density and cell voltage to 
Embodiment 1. 

[Explanations of letters or numerals] 

1 1, 21 [ ... Cathode catalyst bed 15, 25 / ... Cathode charge collector 16, 16', 26 / ... 
Condensation catalyst particle ] ... Anode charge collector 12, 22 ... Anode catalyst layer 13, 23 ... 
Polymer electrolyte membrane 14 and 24 
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DRAWINGS 



[Drawing 1] 




[Drayying 4] 
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